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IgE mediated food allergy is becoming increasingly common in children especially 
those from developed regions such as the United State of America and Western 
Europe. Different epidemiological studies suggested that the prevalence of food 
allergy varies in different regions and it is relatively less common in children from 
developing countries. However, the exact reasons for such variations are still not yet 
fully understood. Moreover, standardized methodology was not used for most of these 
epidemiology studies, making the comparison of data from different countries very 
difficult. 
The EuroPrevall project is one of the few using standardized methodology to study 
the prevalence and risk factors of food allergies in different cities across different 
climatic regions in Europe. The EuroPrevall protocol has been adapted to be used for 
studies in Hong Kong. In the study described in this thesis, random samples of 
primary schoolchildren from Hong Kong were recruited to investigate the presence of 
possible adverse food reactions. A 2-page screening questionnaire was used to 
estimate the prevalence of reported adverse food reactions. Subsequently, cases and 
controls were randomly selected to answer a detailed questionnaire to determine the 
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possible risk factors of food allergies. Objective measurements for sensitization, skin 
prick test (SPT) and measurement of serum specific IgE levels, are included in the 
case-control phase of the study. The results from Hong Kong can also be used to 
compare with other regions as same standardized methodology was used as in other 
centers across the world. 
A total of 6194 school children aged 6-11 from 13 randomly selected primary 
schools were successfully recruited for the screening stage and a random subgroup of 
401 were studied in details in the case-control phase. Among those recruited for the 
case-control phase, only 33.9% of them reported having adverse food reactions to at 
least one food within two hours after ingestion. Furthermore, 22.1% of these subjects 
showed positive SPT to at least one food allergen (diameter of the wheal =>3mm)， 
while 30.9% of them had measurable specific serum IgE levels against at least one 
food allergen (specific IgE level >=0.35kU/L). Using the above data to determine the 
prevalence of possible food allergy, we defined “probable food allergy" is having: 1) 
reported adverse food reactions within two hours after ingestion of certain food and, 2) 
evidence of sensitization as revealed by positive SPT result on the reported food, 
and/or the presence of measurable specific IgE against the reported food, the 
calculated prevalence of probable food allergy for primary schoolchildren in Hong 
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Kong was 2.8%. Shrimp was the most common food allergen, 1.52% of our selected 
subjects were allergic to shrimp. 
In addition to studies using double-blind placebo-controlled food challenge 
(DBPCFC), which is considered as a gold standard of diagnosis for food allergy, for 
confirming true food allergy, further studies are necessary to determine the causative 
factors for development of food allergies. Clear understanding of the causative factors 
and the pathogenesis are needed for the future development of primary preventive 
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Section I: Overview 
l~haPter!: Introduction 
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1.1 Prevalence of food allergy in children 
Food allergy is becoming more common in childhood across developed 
countries like the United State of America, the United Kingdom, and many European 
countries (Kagan RS 2003; Branum AM et al 2009; Fox M et al 2009). Recent 
epidemiological studies on food allergy suggested that approximately 4-6% of the US 
children suffer from food allergies (Shaker M et al 2009). The prevalence rate has also 
been found to be increasing over the last decade (Grundy J et al 2002). Studies also 
suggest that allergic disorders are relatively less common for children living in 
developing countries (Riedler J et al 2000). However, the exact reasons for this are 
still not yet understood. In the western world, the major foods contributing to the 
problem of food allergy are as milk, egg, peanut, and different types of nuts (Roberto 
BC et al 2008; Alvarado MI et al 2006; Rance F et al 2005). 
Adverse food reactions can be divided into several categories such as food 
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intolerance, food aversion, IgE-mediated food allergy as well as non-IgE-mediated 
food allergy. Food allergy occurs because of the development of an adverse immune 
response to a food protein, which may involve either immediate or delayed types of 
reactions. The immediate reaction is classified as IgE mediated and the delayed one is 
frequently non-IgE mediated. The exact reason why a food protein becomes an 
allergen is still not clear. For IgE mediated reaction, upon introduction of the food, the 
immune system produces IgE antibodies, which are coated on mast cells, against the 
protein epitopes. The mast cells then de granulate to produce a number of chemicals 
including histamine, proteoglycans, and serine proteases from its cytoplasmic 
granules, leading to different manifestations of allergic reactions such as angioedema, 
skin rash, wheezing, or even anaphylaxis. In some severe cases, food allergic 
reactions can be fatal. Up till now, the only effective preventive treatment of food 
allergy is avoidance of allergic foods. 
There are different studies aiming to find possible preventive strategies of food 
allergy. Some authorities suggested that delayed introduction of highly allergic foods 
may reduce the risk subsequent development of food allergy. For example, the 
Department of Health of the United Kingdom suggests that avoidance of peanut in the 
first 3 years of life. However, this has been challenged by some recent reports that 
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such recommendation may not be evidence-based (Shaker M et al 2009). Therefore, 
further studies are needed to clarify whether delayed introduction of allergic food is 
beneficial in reducing the risk of food allergy. 
Currently, the only effective way to prevent the adverse reactions related to 
specific food allergy is strict elimination of the related foods in the diet. Patients with 
past history of severe reactions_should always have injectable epinephrine with them, 
as the use of epinephrine is needed for accidental exposure to foods which may 
precipitate severe food reactions. There are studies reported that a number of 
extraordinarily sensitive food allergic patients on airplanes experienced food allergy 
even they didn't ingest any peanuts (Comstock SS et al 2008; Sicherer SH et al 1999). 
When in doubt whether the patient is having a severe reaction or not, it is usually 
safer to give the injectable epinephrine rather than wait for a real severe reaction to 
occur (Sicherer SH et al 2007). 
Despite many studies in the field of food allergy in the last two decades, there is 
still no effective primary preventive strategy against the development of food allergy 
and further research is needed in this extremely common problem affecting many 
children and adults. 
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1.1.1 Methodologies for studying food allergy 
To study the prevalence of food allergy, various methodologies have been used in 
different countries. Questionnaires such as telephone questionnaire surveys have been 
used to collect clinical history of the subjects (Steinke M et al 2007), which is an 
important component for the diagnosis of food allergy. However, a single examination 
or interview without objective assessment is often inconclusive. Therefore, 
combination of history and objective testing are need to determine the presence or 
absence of food allergy. For the confirmation of either IgE or non-lgE mediated food 
allergy, double-blind placebo-controlled food challenge (DBPCFC) is still regarded as 
the gold standard. Screening tests to evaluate the presence of sensitization such as 
skin prick testing (SPT) and measurement of serum specific IgE by 
radioallergosorbent test (RAST) are commonly used for the evaluation of 
IgE-mediated food allergy. Atopy patch testing (APT) has also been used for 
diagnosis of late phase clinical reactions. Other diagnostic tests, such as determination 
of histamine release, antigen leukocyte cellular antibody test, and electrodermal tests 
are also available as supportive test for the diagnosis of food allergy; however, their 
diagnostic values are still controversial (Roberto BC et al 2008). 
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1.1.2 Skin prick test and its mechanism 
Skin prick testing (SPT) is an inexpensive and objective method to assess 
sensitization, an important component of IgE-mediated food allergy. SPT can be 
performed even in infants provided that the patients are cooperative. The results can 
be observed within minutes. A small red wheal will be generated on the location 
where the allergic food extract is placed after 10 to 15 minutes of the test. Histamine 
and saline are used during the procedure as positive and negative controls 
respectively. 
In a SPT, if specific IgE antibody is present, the application of a small amount of 
the suspected allergen will give a positive reaction and it is a wheal reaction occurring 
at the tested site. This is due to the binding of antigen and IgE antibodies linked to the 
mast cells through F c receptors. Degranulation and release of mediators from the cells 
are resulted from the aggregation of antigens and binding of IgE to the receptors. 
These mediators then lead to the swelling and inflammation of the skin, resulting in 
the wheal reaction. 
The presence of the specific antibodies against the food allergens can be 
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detected by SPT, though only sensitization instead of true allergy to that allergen is 
confirmed. Moreover, SPT has a relatively high sensitivity, thus, it has a very good 
negative predictive value (NPV). In contrast, SPT has a low specificity; its positive 
predictive value (PPV) is relatively low. There have been several studies investigating 
the PPV and NPV of SPT on diagnosis of cow's milk allergy. It has been found that 
reaction to casein, one of the major milk proteins, has the highest PPV with 85%, 
whilst fresh milk has the highest NPV with 98% (Calvani M et al 2007). 
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1.1.3 Measurement of serum specific IgE levels 
In addition to SPT, measurement of serum specific IgE level can also be an 
indicator for the presence of sensitization to a particular food. The test is also known 
as the radioallergosorbent test (RAST). An appropriate level of serum IgE should be 
set for specific food as a cut-off value (Miceli Sops S et al 2007). If the serum specific 
IgE level is higher than that defmed level, oral food challenges may be avoided as it 
may have a very high probability to have clinical reactions after intake of the food. An 
optimal cut-off value of each food should be determined for accurate prediction of the 
result of oral food challenges. 
Different in-vitro tests are available for serum specific IgE measurements. The 
most commonly used is known as the Pharmacia ImmunoCAP RAST system. Another 
system, namely ADVIA Centaur system, which is an immunochemiluminometric in-
vitro assay, has been recently developed for the measurement of serum-specific IgE 
antibody. According to the studies using these two systems, both systems can give 
similar results for the tests (Contin-Bordes C et aI2007). 
Although SPT is the simpler and quicker method for detecting the presence of 
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serum specific IgE, the measurement of serum specific IgE do have some advantages. 
F or example, prior intake of medication such as systemic steroids or antihistamine 
will not affect the blood test. Furthermore, when the condition of the skin is not 
suitable for SPT, such as the presence of severe eczema, m~asuring serum specific IgE 
is still possible as SPT may not be reliable in such situation. 
1.1.4 Gold stan-dard for the diagnosis of IgE mediated food allergy 
The oral food challenge test, double-blind placebo-controlled food challenge 
(DBPCFC), is considered as the gold standard for the diagnosis of food allergy. As 
opposed to the SPT or RAST results which are testing for the presence of sensitization, 
DBPCFC can confirm whether there is reaction to a food after consumption of 
possible offending food in a controlled environment. As there is always a risk of 
inducing anaphylaxis during the process, DBPCFC should be carried out in hospital 
setting with the appropriate trained personnel to mange severe reactions. 
During the challenge, the patient is fed with the suspected allergic food with 
gradually increasing amount under the monitoring of a team of physician and nurse. 
The selection of food is based on the clinical history; skip prick test and RAST test 
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results of the patient. The selected test food should be excluded in the diet 7 to 14 
days prior to the challenge. Medications, such as antihistamines or corticosteroids, 
which may interrupt the interpretation of the reactions, should be stopped for a period 
of time before the food challenge test. 
Like many other tests, there are still some drawbacks of DBPCFC despite the 
fact that it has been regarded as the gold standard for the diagnosis food allergy. The 
major problems involved are thought to be the broad spectrum of symptoms related to 
food allergy leading to difficulties in explanation of test results and in optimizing the 
timing as well as the dosage of challenge (Niggemann B et al 2007b; Venter C e al 
2007). Apart from carefully selecting patients for challenge, physicians with 
professional training are required to monitor the whole process of the challenge in 
case of the development of severe reactions such as anaphylaxis. Furthermore, the 
manifestations of reactions in children may differ in different age groups during the 
food challenge tests. Some suggested that children less than 3 years old should be 
tested by open food challenge while those older than 3 years can safely undergo 
DBPCFC (Bindslev-lensen C et al 2004). Although DBPCFC is time consuming and 
expensive, it is extremely useful in the confirmation of suspected food allergies. 
Patients suspected to have food allergy may avoid that food in their diet. If the 
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DBPCFC can confirm that the patient is tolerant to the suspected food, re-introduction 
of the food in the diet is possible. 
24 
1.2 Aim of Study 
In order to compare the epidemiology of food allergy across different countries, 
the use of standardized methodology is very important. Furthermore, the use of 
objective measurement is important in order to provide a better picture of the true 
epidemiology of food allergy in a particular population. The diagnosis of food allergy 
is suspected basing on the history of reported food reaction after ingestion, skin prick 
test, as well as serum specific IgE levels. Although DBPCFC is generally regarded as 
the gold standard, it is a relatively complicated procedure, and severe clinical 
reactions may occur. Physicians do prefer non-invasive measures which can help to 
avoid performing oral food challenges. 
The aims of the study performed in this thesis are: 
1) To investigate the prevalence of food allergies in Chinese prImary school 
children from Hong Kong using standardized methodology including objective 
measures for assessing sensitization. 
2) To investigate the potential risk factors for the development of food allergies and 
the relationships of food allergy and other atopic symptoms. 
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Section I: Overview 
11 Chapter 2: Plan. of Study 
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In order to study the prevalence of food allergies In Chinese pnmary 
schoolchildren, pnmary one to pnmary five schoolchildren In Hong Kong were 
recruited. In Hong Kong, it is compulsory for children to attend primary school, thus, 
a random sample of this group of children can be recruited through the school system. 
The complete list of the primary schools can be obtained from the Education Bureau 
of Hong Kong. There are approximately 590 primary schools distributed in different 
districts in Hong Kong. We plan to recruit a random sample of schools from different 
districts of Hong Kong. All children from primary one to primary five of the selected 
school will be recruited to participate in the study. 
For the preliminary screening of the subjects to study the prevalence of reported 
food allergy, a standardized screening questionnaire will be distributed to the 
participated students for the parents to complete. Based on the information obtained 
from the screening questionnaires, a subsequent sample will be selected for more in 
depth assessment. For the subsequent detailed assessment, a case-control sample is 
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recruited for completion of a detailed questionnaire. Subjects reported to have 
experienced adverse reactions after eating certain food are recruited as case and 
otherwise as control. During the case-control part of the study, participated subjects 
are required to answer a face-to-face questionnaire, skin prick test is performed and 
blood collection will be included for the measurement of serum specific IgE levels. 
The questionnaire used in the case-control part of the study consists of questions 
related to the potential risks and exposures, any other allergic symptoms like asthma, 
allergic rhinitis and eczema, as well as detailed description of food adverse reactions. 
All of the questionnaires used and the methods for measurement of specific IgE are 
standardized and the same as those used in the EuroPrevall project (Kummeling I et al 
2009). Thus, it is possible for us to compare data with the other European sites so as 
to have a better understanding of the epidemiology of food allergy. The infonnation 
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Section 11: Literature Review 
Chapter 3: . Epidemiology of food allergy 
. . ", . 
3.1 Prevalence of food allergy in children in western 
countries 
Food allergy appears to be increasingly more common and it has become an 
important health concern in many countries in recent decades. Therefore, many 
investigators have carried out studies investigating the true prevalence of food 
allergies in their own countries. 
In Spain, Alvarado MI et al reported the perceived prevalence of food 
sensitization in children and adults were 20.8% and 14% respectively. Based on the 
food challenges result, the confirmed prevalence in such population was 9.1 % 
(Alvarado MI et al 2006). In their study, the subjects were those patients referred to 
the allergy service of their hospital. They were divided into two groups, those aged 
between 0-14 years old were classified as children and those aged 15 or above were 
adults. Subjects were asked to fill up the adverse food reaction questionnaire for 
30 
detennination of reported food reactions, followed by skin prick test, blood samples 
collection and DBPCFC. Those subjects with positive answers to the questions in the 
questionnaire were considered to have adverse food reaction. The skin prick test was 
done by prick-prick technique and the wheal size of at least 3mm in diameter was 
considered as positive. Blood sample was collected if the subject reported to have 
experienced food reactions or showed positive SPT result. DBPCFC was carried out if 
any of the previous tests were positive. Fruits and tree nuts were found to be the most 
common food allergens involved and the most frequently reported symptoms were 
oral allergy syndrome, urticaria, as well as anaphylaxis. 
Steinke et al. also carried out a study concerning the perceived food allergy in 
children across 10 European nations. In this study, countries including Austria, 
Belgium, Denmark, Finland, Gennany, Greece, Italy, Poland, Slovenia and 
Switzerland were involved. More than eight thousands and eight hundreds children 
were recruited. However, only randomized telephone questionnaires were done to 
ascertain the reported adverse food reactions. No objective methodologies were 
perfonned for confinnation of the reported symptoms. An overall of 4.7% of 
parentally perceived food allergy prevalence was resulted, ranging from 1.7% to 
11.7% for different nations. Children aged from 2-3 years were found to have the 
31 
highest reported rate of food allergy. The common food allergens involved across 
these countries were milk, followed by fruits and eggs. Skin symptoms were reported 
most frequently, followed by gastrointestinal tract symptoms, respiratory symptoms 
and cardiovascular symptoms (Steinke M et al 2007). 
Table 3.1 showed some other studies concerning the prevalence of food allergy 
in different countries (Brugman E et al 1998; Orhan F et al 2009; Rance F et al 2005; 
Venter C et al 2006; Santadusit S et al 2005; Hill DJ et al 1997; Iikura Y et al 2007). 
However, as there are no standardized methodologies in studying the prevalence of 
food allergies among different countries, the real prevalence of food allergies are still 
not clear. It is almost impossible to compare of data from different countries as 

































































































































































































































































































































































































































































































































































































































3.2 Prevalence of atopic allergies in children in rural areas 
Different epidemiological studies showed the prevalence of allergies varies in 
different regions and children from rural areas are less likely to develop atopic 
diseases. This might be due to the environmental factors as well as the habitual 
behaviors in different regions. 
Studies suggested that the low allergic rate in rural areas may not be due to the 
absence of allergic sensitization in these areas, but the exact reason for this is still 
not clear (Hooper R et al 2008). "Hygiene hypothesis" has been proposed to explain 
for the phenomenon which suggested that early exposure to infection in childhood 
may protect individuals in developing atopic diseases (Strachan DP 2000, van den 
Biggelaar AHJ et aI2000). However, this hypopthesis remains controversial because 
there is inconsistent evidence showing the hygienic conditions in rural areas are 
indeed poorer than that in urban areas. Moreover, there are studies suggesting the 
effects from diet are also important in shaping the prevalence of asthma and atopic 
diseases (Hyppone E et al 2004; Camargo CA et al 2007; Strachan DP 2000). 
A Turkey study revealed the prevalence of different allergic diseases, which 
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include asthma, wheezing, eczema and allergic rhinitis, in rural areas and in urban 
areas was different. More than 25000 questionnaires were distributed to primary 
schoolchildren from 14 cities involving rural and urban areas in Turkey. 
Questionnaire was completed by the parents to collect their allergic status. 
Environmental factors such as the conditions of houses and tobacco smoke were 
associated with the increased risk in asthma, wheezing, eczema and allergic rhinitis 
in adult in Turkey (Kurt E et al 2009). 
Furthermore, the prevalence of allergic rhinitis as well as asthma was 
significantly lower in children living on a farm than those living in urban areas in 
Austria. In this study, 2283 children with age from 8 to 10 years old were recruited 
to answer a questionnaire and SPT was performed in 1137 children. The prevalence 
of allergic rhinitis and asthma were 3.1 % and 1.1 % respectively in farming 
environment whereas in urban areas, where farming is not available, were 10.3% 
and 3.9% respectively. SPT was used to assess the status of sensitization of the 
subjects, the result also provided evidence that sensitization rate in rural areas was 
significantly lower than that in urban areas. Regular contact with farm animals was 
suggested to be associated with lower risk of atopic sensitization (Riedler J et al 
2000). 
35 
Study in rural and urban Poland also supported the hygiene hypothesis. A total 
of 404 adolescents aged from 12 to 16 years old, 201 of them were living in urban 
and the others in rural regions were recruited for determining the prevalence of 
allergic diseases and sensitization status. Objective measurements including SPT 
and serum specific IgE levels were used in addition to questionnaire for assessment. 
Again, the prevalence of asthma in urban and rural areas was 16.42% and 1.97% 
respectively. 63.7% of the urban children were sensitized to at least one allergen 
while in rural children, only 22.7% were identified. Environmental risk and 
protective factors such as history of upper respiratory infections and use of 
antibiotics were identified to be associated with the atopic diseases development as 
well as sensitization (Majkowska-Wojciechowska B et al 2007). 
There were also studies reporting different observations suggesting dissociation 
between urbanization and development of atopic sensitization. 1ennifer S. Kim et al. 
reported it was common in rural farming Chinese population to have atopic 
sensitization, especially to shellfish and peanut. 918 children aged from 11-17 were 
selected and 30% of them were positively responsive to at least one food allergen in 
SPT. Nevertheless, the reported history of food allergy was only 3.5% only (Kim 1S 
et aI2008). 
36 
These variations of reported effects of urbanization on allergies were most 
likely partly due to a lack in standardized methodology in studying the epidemiology 
of allergies in different countries. Different definitions of "sensitization" and 
"allergy", different methodologies in assessing the allergic status, and different age 
groups of recruited subjects, would make comparison between different countries 
extremely difficult. Therefore, a standardized methodology should be used to study 
the epidemiology of food allergy-around the world. 
37 
3.3 EuroPreval1 - A standardized methodology in studying 
food allergies 
The EuroPrevall project is a multinational study which involves more than 60 
study centers over the world. The objective of the project is to investigate the 
prevalence of food allergy in different countries using standardized methodologies 
so that data from different centers can be compared. 
Kummeling et al described a comparative study of the prevalence of food 
allergies in children and adults across eight European countries according to the 
EuroPrevall methodology. Children aged from 7 to 10 years old and adults aged 
from 20 to 54 years old were recruited from eight different centers including 
Switzerland, Spain, Greece, Bulgaria, Poland, Lithuania, Iceland and the 
Netherlands. Standardized screening questionnaires were distributed to the target 
groups, responders who were willing to be contacted were then randomly recruited 
into the case-control part of the study. In case-control study, a detailed questionnaire 
was administered and blood sample was collected for serum specific IgE analysis. 
Subjects reported to have experienced adverse food reactions with positive specific 
IgE to the selected foods were recruited for DBPCFC for confirmation of food 
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allergies (Kummeling I et al 2009; Wong GW et al 2009). 
Keil et al have also carried out a birth cohort study which aimed to recruit 
more than 12000 newboms in total to investigate the prevalence and risk factors of 
food allergies in nine countries across Europe since 2005. The countries included in 
this study are Iceland, United Kingdom, the Netherlands, Germany, Poland, 
Lithuania, Spain, Italy and Greece. This is a longitudinal study starting at birth, and 
follow-up assessments of all participants were performed at 12, 24 and 30 months. 
In the study, standardized questionnaires were used to screen out subj ects with 
parentally reported adverse food reactions. SPT was performed and blood was 
collected for food-specific IgE measurement. DBPCFC was also performed 
provided that the subjects were eligible for the test in order to confirm the allergic 
status of the subjects. This study is still ongoing till December 2009, and this would 
give an important insight on prevalence and potential risk factors of food allergies 
(Keil T et al 2009). 
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3.4 Epidemiology of adverse food reaction in Hong Kong 
pre-school children 
Food allergy prevalence was estimated to be about 2% in Singaporen Chinese 
children (Goh DLM et al 1999). Children were more likely to have higher rate of 
food allergy which could be up to 8% (Goh DLM et al 1999). Questionnaire survey 
was usually the initial tool used to evaluate the prevalence of food allergy in this 
community. In Singapore, about 5% of schoolchildren were identified to have 
experienced adverse food reaction using this methodology (Hill DJ et al 1997). The 
symptoms found in the hospitalized patients were noninfectious gastroenteritis and 
colitis, dermatitis due to food ingestion, unspecified allergy and urticaria, 
angioneurotic edema, and even anaphylactic shock (Goh DLM et al1999). 
A study also revealed sensitized children in Singapore mostly had positive SPT 
to egg, followed by shellfish, peanut, fish, cow's milk, sesame, wheat and soy 
(Chiang WC et al 2007). A total of 413 children with different racial groups with a 
mean age of 5.2 years were recruited from an allergy clinic in Singapore. They were 
asked to answer a questionnaire and SPT was done. 227 (55%) of them were 
sensitized to at least one food allergen. Peanut hypersensitivity was found to be the 
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fourth most common sensitized food in atopic Singaporean children about a decade 
ago (Shek LP et al 1999). However, the above mentioned study reported peanut 
sensitization was observed in 27% of food-allergic children, which suggested a 
changing pattern of food sensitization in Singaporean children. The study also 
reported the prevalence was higher in children from families with history of atopic 
dennatitis as well as multiple food sensitizations (Chiang WC et al 2007). 
There is very limited data of food allergy in adults or children from Hong Kong. 
Between 1995 and 1996, a group of asthmatic adults who attended follow-up 
consultation in an outpatient clinic were recruited for SPT to investigate their 
sensitization status to foods. The result showed 20.2% of them were sensitized to 
shellfish and 31.3% to royal jelly (Leung GR et al 1997). Another group of children 
with atopic diseases were also recruited, serum specific IgE levels were analyzed 
and positive tests were found in milk, followed by egg and fish (Hill DJ et al 1997). 
Recent community study on the epidemiology of parentally reported adverse 
food reactions in Hong Kong Chinese pre-school children revealed there were 8.1 % 
children had ever experienced adverse food reaction, and 4.6% of the recruited 
subjects had been diagnosed as adverse food reaction by physicians. In the study, 
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3677 children aged from 2-7 years old were randomly selected from nurseries and 
kindergartens for administration of questionnaires. Shellfish was the most common 
reported allergen, followed by egg, peanut, beef, cow's milk and tree nuts (Leung TF 
et al 2009). This pattern was similar to that in Singapore. Table 3.2 showed the 
patterns of food allergens reported in Hong Kong and Singapore respectively. 
Hong Kong Singapore 
% of those with %in 
parent-reported % in total population sensitized 
allergic reaction patients 
Random sample from Random sample from 
From allergy 
Subjects (n) nurseries and nurseries and 
kindergartens (298) kindergartens (3677) clinic (227) 
Age of subjects 
2-7 0.3-15.4 (years) 
Method used Questionnai re SPT 
Shellfish 15.8 1.28 39 
Egg 9.1 0.73 40 
Peanut 8.1 0.65 27.3 
Cow's milk 5.7 0.46 11.8 
Fish 4.0 0.32 13.2 
Soybean 1.7 0.14 3.2 
Wheat <1.5 <0.1 3.7 
Table 3.2: Patterns of food allergens reported in Hong Kong and Singapore. 
The prevalence of food allergy in Hong Kong schoolchildren might be on the 
rise over the decade. A recent report reviewed the pattern of pediatric intensive care 
unit (PICU) admission showed 2.2% of the PICU admissions were associated with 
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food ingestion. One female patient even experienced severe reactions after ingestion 
of bird's nest, which included urticarial rash, swollen lips, abdominal pain, 
breathlessness, sweating as well as irritability. Various medications were needed to 
mitigate her symptoms (Ron KLE et al 2009). Severe food allergy is potentially fatal, 
it is important to determine the possible risk and protective factors involved in the 
development of food allergy. 
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Section 11: Literature Review 
-Chapter ,4: piagnos.is of food allergies 
4.1 History 
In order to establish the diagnosis of food allergy, an accurate clinical history is 
the most important parameter. However, a single examination based on history alone 
is often inconclusive. Therefore, combination of other objective tests is frequently 
needed to confirm the diagnosis. Confirmatory testing for both IgE and non-IgE 
mediated food allergy, double-blind placebo-controlled food challenge (DBPCFC) is 
still regarded as the gold standard. Screening tests such as skin prick testing (SPT) 
and serum specific IgE measurement by radioallergosorbent test (RAST) are 
commonly used to test for IgE-mediated food allergy. Atopy patch testing (APT) is 
more efficient for diagnosis of late phase clinical reactions. There are some other 
diagnostic tests, such as the determination of histamine release, antigen leukocyte 
cellular antibody test, and electrodermal tests, available for prediction of food 
allergy. However, their diagnostic values of these tests remain unclear. 
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4.2 Use of skin prick test for diagnosis 
SPT is often used as the initial diagnostic tool in addition to clinical history to 
investigate the allergic status of a patient. Different studies have been performed in 
order to establish the predictive cut offs of SPT for the outcome of the diagnostic 
gold standard, DBFCFC (Sporik R et al 2000; Hill DJ et al 2004; Verstege A et al 
2005; Nolan RC et aI2007). 
Sporik et al. investigated the specificity of SPT in predicting positive open 
food challenges to milk, egg and peanut, which are the most common food allergens 
in childhood. 467 children with median age of 3 years old were recruited. The 
investigator reported different wheal sizes above which no negative reactions in food 
challenges were observed. The corresponding wheal sizes for milk, egg and peanut 
were found to be 8mm, 7mm, and 8mm. Lower SPT wheal diameters were found in 
younger children. The wheal sizes were 6mm, 5mm, and 4mm for milk, egg, and 
peanut respectively in children younger than 2 years old (Sporik R et al 2000; Hill 
DJ et al 2004). However, since there are many factors affecting the results of SPT, 
the reported cut-off levels in different studies do vary. For example, Verstege et al 
studied 385 children with median age of 22 months showed the diagnostic decision 
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points for milk and egg were 17.3mm and 17.8mm respectively with 99% predicted 
probabilities (Verstege A et al 2005). These data showed different diagnostic 
decision points for different food allergens in different ethnic groups; therefore, it is 
important to develop population-specific cut off referenc~ values for different food 
allergens in Chinese children. 
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4.3 Use of serum specific IgE level for diagnosis 
Apart from SPT, measurement of serum specific IgE level for prediction of the 
reactions in oral food challenges has also been studied. Similar to that reported for 
SPT, serum specific IgE levels for different food allergens predicting positive 
reactions in oral food challenges do vary from study to study (Sampson HA et al 
1997; Celik-Bilgili S et-aL2005; _Komata T et a12009; Sampson HA 2001). 
Celik -Bilgili et al reported there is a correlation between the outcome of positive 
oral food challenge and specific serum IgE levels for cow's milk and hen's egg. In 
their study, 501 children from 1 month to 16.1 years with median age of 13 months 
were recruited. 88% of the recruited subjects suffered from atopic dermatitis. Serum 
specific IgE levels were measured and oral food challenges were performed in all 
subjects to determine the diagnostic decision points for cow's milk and hen's egg. 
99% predictive probability was 59.2kU/L for hen's egg and 90% predicted 
probability was 88.8kU/L for cow's milk. The investigator suggested the decision 
points for each food allergen should be studied separately in order to get an accurate 
prediction for challenge (Celik-Bilgili S et al 2005). Moreover, for certain food 
allergen, such as hen's egg, different decision points were reported by different 
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investigators as well. This supported the suggestion which thought ethnicity may 
affect the predictive value of serum specific IgE. 
Komata et al. also studied the usefulness of specific IgE levels for diagnosis of 
food allergy. They invited 536 children with suspected wheat or soybean allergy in 
their clinic for the study. The children were aged from 6 months to 14.6 years with 
mean age of 1.3 years. Blood was collected from each subject and oral food 
challenge was performed. The results also supported the concept of using IgE levels 
as an indicator to evaluate the needs of performing food challenges. Children with 
higher serum specific IgE levels were more likely to have positive result in food 
challenge (Komata T et al 2009). 
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4.4 Use of double-blind placebo-controlled food challenge 
for diagnosis 
Oral food challenge is considered the gold standard for the confirmation of 
food allergy. There are different types of oral food challenge, such as open 
challenges, single-blinded challenges and DBPCFC. Depending on the clinical 
indication, different types of challenges are performed (Roesler TA et al 1994; Ito K 
et aI2009). 
It has been suggested that open or single-blinded oral challenges could be 
used with foods which the clinicians think that the history is not compatible with 
true food allergy; or when there is no evidence of sensitization according to the SPT 
result or absence of serum specific IgE. DBPCFC is particularly useful when 
multiple positive results in SPT or serum specific IgE levels are observed. In 
addition, DBPCFC may be useful when there are variations of reactions to the 
suspected food in daily life (Niggemann B et al 2007a). 
Oral food challenges are considered as positive when objective symptoms are 
observed within a period of time after ingestion of the suspected food. Objective 
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symptoms may involve one or several organ systems including the gastro-intestinal 
tract, respiratory tract, skin symptoms and cardiovascular symptoms. Once one or 
more objective symptoms are observed, the oral food challenge can be considered as 
positive. It is even more convincing if more than one organ system are involved in 
the reactions (Niggemann B 2010). For conducting oral food challenge test, 
especially DBPCFC, appropriate resources and training for the performing te~ are 
required. The methodology needs to be standardized in order to provide accurate 
diagnosis of food allergy. 
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4.5 Factors affecting precision of the diagnosis of food 
allergies 
Before the wide-spread use of food challenge tests such as DBPCFC as the 
confirmatory test for true food allergy, SPT and measurement of serum specific IgE 
levels were the common tests for objective assessment of possible sensitization. In 
addition to a detailed history of adverse food reactions reported by the patients, the 
results of these tests often help the clinicians to diagnose food allergies. However, 
there are many factors which may affect the outcome of SPT and IgE level, such that 
such factors may affect the precision in the diagnosis of food allergy. 
4.5.1 Procedure-related Factors 
4.5.1.1 Performance of skin prick test 
The reactivity of SPT is related to several factors. Source of allergen extracts 
and concentration of the extracts are two important factors which may affect the 
reactivity. Different physicians may use allergens with different concentrations for 
SPT, and they may define positive SPT in different ways. Therefore, it may be 
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difficult to compare data if different definitions were used. Sources of the allergen 
extracts were also suggested to give different results, SPT results from fresh allergen 
extracts have been thought to be more likely to match with the result of DBPCFC 
than that from commercial allergen extracts (Kim TE et aI2002). 
4.5.1.2 Cross-reactivity of serum specific IgE 
Serum specific IgE level is another supportive test to aid in the diagnosis of 
IgE -mediated food allergy. The measurement of serum specific IgE levels can also 
be influenced by different factors. Cross-reactivity between various allergens, such 
as certain tree nuts pairs, cross-reactions between house dust mites and lobster, and 
cross-reactions between rye and Bermuda grass pollen allergens, etc, has been found 
in several studies (de Leon MP et al 2003; Iparraguirre A et al 2009; Tiwari R et al 
2009). For example, IgE specific to peanut is reported to cross-react with the tree nut 
allergens of almond, hazelnut, pecan and Brazil nut in ELISA (Maloney JM et al 
2008). 
52 
4.5.1.3 Different diagnostic decision points in different populations 
Similar to SPT, the determination of cut-off point of serum specific IgE for 
different food allergens needs to be established in different populations. The 
published decision points of specific foods are only valid for specific populations. 
For example, Sampson et al reported the cut-off values for egg and milk with 95% 
predicted probability were 6 kU/L and 32 kU/L respectively in a_grnup of 196 
children aged from 0.6 to 17.9 years old, who were highly atopic subjects (Sampson 
HA et al 1997). In another study with SO 1 children with median age of 13 months 
conducted by Celik -Bilgili et aI, the corresponding predictive decision points for egg 
and milk were 12.6 kUIL with 95% predicted probability and 88.8 kU/L with 90% 
predicted probability (Celik-Bilgili et al 200S). Komata et al studied 969 children 
aged from 0.2 to 14.6 years for the predictive decision points for serum specific IgE 
levels of hen's egg and cow's milk. They reported the cut-off values were 25.SkU/L 
for hen's egg and SO.9kU/L for cow's milk with 95% predicted probability (Komata 
T et al 2007). From these studies, it was obvious that false positive or false negative 
diagnosis may be resulted if the inappropriate references are being used. 
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4.5.1.4 Sensitization and allergy 
The principle of SPT and measurement of serum specific IgE levels is based 
on the detection of availability of specific IgE antibodies to suspected foods. 
However, patients with positive SPT result or measurable serum IgE antibody may 
show negative result in oral food challenge. This is because they are only sensitized 
instead of truly allergic to the tested food. Careful clinical assessments in the history 
as well as the symptoms during the challenge test are important in order to arrive at 
a final diagnosis of food allergy. 
On the contrary, study showed approximately 10% of patients who are positive 
to DBPCFC would have no evidence of sensitization as documented by SPT and no 
specific IgE measurement. These subjects can be considered as having non-IgE 
mediated reactions (Niggemann B et al 2005). For these types of patients, DBPCFC 
is necessary for the confirmation of adverse reactions to certain food as reported by 
the subjects. 
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4.5.1.5 False negative oral food challenges 
Eigenmann et al. revealed that ways of food processing would affect the 
occurrence of adverse reaction as well. It was suggested that egg in raw form leads 
to more severe reactions and the cooked one can be better tolerated (Eigenmann PA 
et al 2000). Therefore, foods administered in DBPCFC should be processed in the 
same way that the patients ingest. 
In some uncommon cases, some patients reported symptoms after ingestion of 
food at home even the oral challenge result was negative. This may be due to 
accumulation or repeated higher doses of foods consumed at home than that in the 
test. Therefore, repeated open challenge has been recommended after negative oral 
challenge to minimize the chance of false negative test result (Caffarelli C et al 2001; 
Niggemann B et al 2005). 
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4.5.2 Patient Factors 
A number of factors unrelated to methodology may also affect the 
interpretation of the diagnosis of food allergy. Age of subjects, diet of the subjects 
before testing, medications taken by the subjects prior to testing, sensitivity of skin 
of the subjects as well as the health status of the subjects during tests can interfere 
the test results. 
4.5.2.1 Age of subjects 
The decision points of SPT for different allergens were reported to be various 
in different age groups. For example, Sporik et al studied a group of subjects (n=467) 
aged from 1 month to 16 years old with median age of 3 years old. SPT and food 
challenges were performed. The cut-off wheal sizes for peanut and egg were 8 mm 
and 7 mm respectively. Smaller cut-off sizes, which were 6mm and 4 mm, were 
found in children younger than 2 years old (Sporik R et al 2000). 
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4.5.2.2 Diet before tests 
Elimination of suspected food in the diet for at least 7 days in children with 
atopic eczema and suspected food related symptoms before DBPCFC is 
recommended because this may affect the development of clinical symptoms during 
the challenge test. Repeated consumption of the offending food may also induce 
specific oral tolerance, such that clinical tolerance may be built up when increasing 
amounts of the allergic food are ingested. Once the offended food is eliminated for a 
period of time and ingested again, immediate reactions may occur. In addition, 
DBPCFC should be performed when the patients are in fasting state. 
Cross-contamination of suspected food with other foods may occur and the patients 
could be reacting to the food ingested prior to the challenge instead of true reaction 
to the testing food (Niggemann B et aI2007b). 
4.5.2.3 Anti-histamine medications 
Systemic drugs such as antihistamine should be stopped prior to SPT and 
DBPCFC testing. The period of cessation will depend on the half-life of the drugs. 
F or example, short acting antihistamine drugs like piriton should be ceased three 
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days in advanced whilst long acting drugs should be stopped for one week or more 
in advanced. Antihistamine drugs will reduce the release of histamine, such that 
false negative reactions may occur with testing such as SPT (Niggemann B et al 
2007b). 
4.5.2.4 Skin sensitivity of the subjects 
Non-allergic skin sensitivity is another important factor which may affect the 
results of SPT. Some patients may have a condition known as dermatographism, 
which is characterized by an extremely sensitive skin. When the skin is in contact 
with sharp lancet, non-specific weal reaction similar to urticaria can develop even 
the patient is not sensitized to the food. As a result, it may make it difficult to assess 
the true results of SPT. Thus, the SPT results of food allergens should be compared 
with that of the negative control to ensure the wheals are truly IgE-mediated. In 
addition, some patients may suffer from severe eczema affecting the forearms, 
thereby affecting the evaluation of SPT results. As most of these factors are 
unavoidable, standardized methodologies should be used in different studies to 
reduce the variations due to these factors, making data from different countries 
comparable. 
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5.1 Factors associated with development of food allergies 
The prevalence of food allergy in westernized countries has been found to 
be increasing over last few decades (Gupta R et al 2003; Sheikh A et al 2000; Ross 
MP et al 2008). It was suggested that this phenomenon may be due to "urbanization". 
Many researchers then tried to investigate the factors associated with the 
development of food allergy. Many factors such as family history of atopy, time of 
first exposure to the food, and environmental factors implicated in the development 
of food allergy (Kumar R 2008). Clear understanding of the roles of these factors is 
important for the development of future preventive strategies. 
Genetic predisposition of atopy is an important factor for development of 
allergies. A promoter polymorphism (15 efT) in the CD 14 gene, which is a cytokine 
cluster on chromosome 5, was found associated with food allergy. Individuals with 
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food allergy were more likely to have the -159T allele than those without atopic 
diseases. Studies concerning the allergic status between monozygotic and dizygotic 
twins also revealed significantly higher rate of food allergy in monozygotic twins 
than dizygotic ones, suggesting a strong association between genetic factors and 
food allergy development (Woo JG et aI2003). 
Other investigators also suggested the delayed introduction of solid foods is 
related to the higher risk of development of allergic diseases (Cochrane S et al 2009). 
Studies reported that delayed exposure to cow's milk and other dairy products was 
associated with higher risk of eczema (Snijders BE et al 2008). Concentrations of 
food exposed were also reported to be associated with allergic sensitization. Recent 
study showed higher risk of peanut sensitization might be resulted from high levels 
of environmental exposure to peanut during infancy. On the contrary, there was also 
study suggesting that it might be protective in children with atopy if they had early 
exposure to low levels of peanut (Fox AT et al 2009). 
"Hygiene hypothesis" has been put forward to explain the protective effect in 
the rural environment against the development of allergy. The hypothesis is that 
stimulation of immune system in early life by exposure to microbial components 
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might modulate the immune system so as to reduce the future risk of allergies 
(Kumar R 2008). A study revealed children grow under environment with high level 
of endotoxins showed lower chance to have allergic sensitization (Gem lE et al 
2004). 
A lot more work needs . to be done to evaluate the possible risk factors 
associated with the development of allergy. It is highly likely that many factors may 
influence the development of atopy while other factors may be specifically 
associated with food allergy. Therefore, further comparative and longitudinal studies 
are needed to evaluation the possible genetic and environmental risk factors for 
development of food allergy. 
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5.2 Food allergy and asthma 
Studies investigated in the coexistence of food allergy and asthma revealed 
that food allergy in childhood is a risk factor for subsequent development of asthma. 
About 5% of those suffering from food allergy may develop asthma. And among 
children with asthma, 6-8% of them were found to be induced by ingestion of 
allergic foods or inhalation of vapors during food processing (James JM 2003). In 
order to have better control of asthma, allergic foods should be avoided in 
asthmatics. However, as it is still difficult in confirming diagnosis of food allergy, it 
is necessary to develop a standardized methodology for confirmation of food allergy 
in these subjects (Ozol D et al 2008). 
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5.3 Food allergy and eczema 
In children with atopic dennatitis, reported food allergy is fairly common 
(Ron KLE et al 2008). The risk of food allergy is increased by early onset of eczema, 
which is suggested to be in the first 6 month of life. Eigenmann et al reported 37% 
of patients with atopic deqnatitis had IgE-mediated food hypersensitivity with 
clinical symptoms. The prevalence of food allergy is significantly higher in this 
group of children than in the general population (Eigemnann P A et al 1998). 
Therefore, atopic dennatitis appears to be one of th~ important risk factors 
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6.1 Study Population 
Schoolchildren from primary one to primary five were invited to participate in 
the study as part of the EuroPrevall study. A full list of primary schools in Hong 
Kong was obtained from the Education Department of the Hong Kong Government. 
A unique number was allocated to each school and a list of at least 20 schools was 
generated by computer randomization for recruitment. A total of 13 primary schools 
agreed to participate and were able to provide 6785 schoolchildren as potential 
subjects. The participated schools were distributed randomly over the three major 
regions of Hong Kong (Hong Kong Island, Kowloon and New Territories). Informed 
parental consent was obtained from parents or guardians and 6194 of them agreed to 
participate in the study, the response rate was 91.3%. These subjects were screened 
by a standardized one-page questionnaire first, to investigate possible adverse 
reaction to food. The subjects were then divided into two groups; those reported 
adverse reactions to food in the screening questionnaire were classified as cases 
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whereas those without reported adverse food reaction were controls. At least 200 of 
the subjects in each group were then randomly recruited to complete a face-to-face 
questionnaire, skin prick test and blood collection for measurement of serum 
specific IgE levels. 
6.1.1 Sample size calculation 
The pilot studies in children from Hong Kong reported the estimated 
prevalence of IgE-mediated food allergy in primary school children in urban areas 
(Hong Kong) and rural areas were 4% and 20/0 respectively (Leung TF et al 2008; 
Kim JS et al 2008). To achieve an 80% power to detect an odds ratio of 2 provided 
that 20% of the population was exposed to the risk factor, 200 cases and 200 
controls were needed. In order to identify 200 cases, at least 6000 subj ects from 
were required. Therefore, the sample size of 6000 was considered as adequate to 
describe the variation in prevalence between Hong Kong and other centres in China 
where concurrent studies are carried out. 
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6.2 The EuroPrevall study 
The EuroPrevall proj ect is a multi -centre cross-sectional study in random 
samples from the general populations with more than 60 study centers over the 
world. It is a multidisciplinary integrated project funded by ED and was launched in 
June 2005. It aims to estimate the prevalence of food allergy across different 
countries -by standardized methodology. And the suspected risk factors for food 
allergy across these countries were also investigated (Kummeling I et al 2009). 
Included in the Europrevall project, a community-based survey of children was used 
to collect information on adverse food reactions. A detailed questionnaire was 
administered by parents or guardians thereafter, to collect more details about the life 
style of the subjects. Objective measurement including skin prick test and 
measurement of serum specific IgE levels were carried out to further verify the 
sensitization status of the subjects. In Hong Kong, primary schoolchildren from 
primary one to primary five were screened for the existence of food adverse 
reactions. As rural and urban areas were included for the study, the prevalence of 
and potential risk factors for food allergies in these regions can be investigated and 
compared to European data collected by the same standardized methodology. 
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6.3 EuroPrevall Questionnaires 
A standardized one-page questionnaire was distributed to each subject through 
primary schools to investigate possible adverse food reactions. It was suggested that 
the questionnaire should be completed by a parent with the full participation of the 
child. And the cases and controls were recruited to answer a face-to-face 
questionnaire, which consisted of questions related to potential risks and exposure, 
existence of other allergic symptoms like asthma, allergic rhinitis, as well as eczema 
together with a detailed query of the possible adverse food reactions. Both of the 
EuroPrevall screening and case-control questionnaires were translated into Chinese 
and back into English by standardized protocol. An independent person who was 
bilingual to translate the original English questionnaire into Chinese was involved, 
followed by another bilingual person to back translate the questionnaire into English. 
Pilot tests were performed in a group of parents using the translated questionnaire 
and necessary amendments were made before the survey was carried out in the 
community. 
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6.4 Standardized approach for answering questions in the 
field 
In answering the case-control questionnaire, some parents would ask questions 
relating to their understanding of the questions. The investigators were not allowed 
to give non-verbal clues and the questions should be read exactly as the printed 
version. The principles to follow are: 
1. The questions should be repeated exactly as it is written, and the wording 
where ambiguity or misunderstanding is present should be emphasized. 
2. The parents should try to answer "yes" or "no" to each of the questions. 
3. If an answer is required to be "yes" or "no" and the parents do not 
understand the question even after several repeats, the answer should be 
coded as "no". 
4. If quantitative or semi-quantitative answer is required, it is acceptable for the 
parents to give a "best guess" answer. 
5. If further information or clarification of a question is required by the parents, 
the interviewer should explain to them that the concerned points could be 
discussed at the end of the questionnaire. 
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6.5 Anthropometric measurements and ethics approval 
Standing heights were measured by a portable standiometer. Weights were 
measured by Seca digital physician's scale. The study protocol was approved by the 
Ethics Committee of the Chinese University of Hong Kong and written infonned 
consent was obtained from the children's parents or guardians. 
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6.6 Skin prick testing 
Skin prick test was performed after the subjects completed the detailed 
case-control questionnaire. The tested allergens involved food and aero-allergens 
together with positive and negative controls. The details of the allergens were 
showed in Table 6.1. The selection criteria of the allergens is based on the findings 
from the pilot studies and clinical experience which reported that these allergens 
were the most common reported food allergens within the study regions. All 
standardized allergen extracts and control solutions were obtained from ALK-Abello 
(Madrid, Spain). In SPT, one drop of each allergen extract was dipped on the skin of 
the volar side of the forearms. ALK lancets (Horsholm, Denmark) were then used to 
prick through the skin. The wheal reaction was measured after 15 minutes. The size 
of the wheal was measured by calculating the mean of the longest diameter and the 
length of the perpendicular line through its middle. 
Allergen Extract: Cow's milk, Hen's egg, peanut, soy, fish, shrimp, mussel, 
hazelnut, walnut, melon, wheat, tomato, beef, orange, apple, crab, mango, peach, 
house dustmite mix, cockroach, cat, grass mix, mugwort, date palm profilin 
Table 6.1: Allergen extracts for SPT in Hong Kong. 
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6.7 Measurement of serum specific IgE level 
Blood was collected from the subjects after SPT. All serum samples were then 
sent to a central laboratory for further analysis. An ImmunoCAP system (Phadia, 
Uppsala, Sweden) was used for measurement of serum specific IgE level. The same 
as in other EuroPrevall centres, the serum IgE levels of 25 foods were investigated. 
The involved foods were listed in Table 6.2. Five foods mixtures (two commercially 
available and three custom-made) were used to detect the IgE level in the sera first. 
If positive result was observed in a sample to a mix, which was defined as 2: 0.35 
kU/I), that sample would be tested on the individual foods of the corresponding mix. 
In addition to the foods generally used in other EuroPrevall centers, mango and crab 
were made specifically for Hong Kong and China because of their local importance. 
Serum specific IgE_Ievels for common environmental allergens including house dust 
mite, cat, birch, grass, mugwort, Parietaria pollen, as well as total IgE were also 
measured. 
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Commercial mixes EuroPrevall custom mixes 
CAP mix 1 CAP mix 2 CAP mix 3 CAP mix 4 CAP mix 5 
Sesame 
Hen's egg Hazelnut Shrimp Apple 
seed 
Cow's milk Wheat Tomato Poppy seed Kiwi 
Food Soy Buckwheat Walnut Lentil Melon 
Peanut Corn Carrot Mustard Banana 
Wheat Rice Celery Sunflower Peach 
Fish 
Table 6.2: Foods tested in CAP analysis. 
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6.8 Classification of subjects 
The subjects were classified into two groups including cases and controls. 
From the screening questionnaire, those reported to have experienced any adverse 
food reactions, where the food is included in the 24 priority foods from EuroPrevall 
(Table 6.3), were regarded as cases. Otherwise, they were classified as controls. 
Priority Food 
1 Milk, egg, fish, shrimp, peanut, hazelnut, peach, apple, celery 
2 Soybean, walnut, sesame seed, mustard seed, kiwi, wheat 
3 Sunflower seed, carrot, buckwheat, banana, lentil, tomato, poppy seed, 
corn, melon 
Table 6.3: EuroPrevall priority foods. 
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6.9 Statistical analysis 
All data were entered into the computer twice by two independent persons. The 
data were categorized and analyzed using Statistical Package for Social Sciences 
(SPSS) for Windows Release 13.0 (SPSS Inc., Chicago, IL, USA). The frequency of 
reported adverse food reactions was presented as percentage of recruited subjects 
unless otherwise stated. The frequencies of food reported to cause the adverse 
reactions were presented as percentage as well. SPT and serum specific IgE levels 
were categorized into different classes and presented as percentages. Logistic 
regression analyses were used to test the association of food allergy and presence of 
other atopic symptoms. 
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Section Ill: Original Study 
I1 Chapter 7: . Results 
11 
7.1 Subjects and demography 
In our study in Hong Kong, among the total of 6785 potential subjects, 6194 
(91.3%) schoolchildren completed the screening questionnaire. Two random 
subgroups of 195 cases and 206 controls were recruited by computer randomization 
for the case-control part of the study. All of them were Chinese children from 
primary one to primary five of the selected schools. 
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No. of primary school 
No. of school 
participated = 13 
HK=2 KLN=5 
No.ofQn No.ofQn 
distributed = 913 distributed = 2318 
No. of Qn No.ofQn 
returned = 875 returned = 2068 
No. of case 
recruited = 195 
NTE=3 
No.ofQn 
distributed = 1566 
No.ofQn 
returned = 1433 
No. of school not 
participated = 19 
NTW=3 
No.ofQn 
distributed = 1988 
No.ofQn 
returned = 1818 
No. of control 
recruited = 206 
Figure 7.1: Flow chart of subj ect recruitment in screening and case-control studies. 
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Total No. of Qn 
distributed = 
6785 




The anthropometric and demographic characteristics of the case-control 
children are summarized in Table 7.1. There were 195 cases (101 males) and 206 
controls (111 males). Subjects reported to have experienced any food adverse 
reactions after ingestion of foods in the EuroPrevall priority 1 list were classified as 





Mean age ± SD (years) 9.10± 1.57 
(IQR) (7.77-10.63) 
Mean height ± SD (cm) 1.32±0.11 
Mean weight ± SD (kg) 30.24 ± 9.61 







9.29 ± 1.56 
(7.91-10.74) 
1.34 ± 0.11 
31.92 ± 9.54 
No. of Randomly 
Screening Face-to-face "Probable 
subjects selected 
reported reported Food 
responded to Case/Control for 
Case/Control Case/Control Allergy" 
screening Qn clinical study 
183 Cases 
734 Cases (93.85%) 32 (16.58
% ) 





5460 2 (0.98%) 
Controls 206 Controls 
(27.67%) 
149 Controls (88.15%) 0 (72.33%) 
Table 7.2: Distribution of case/control in selected subject$. 
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7.2 Reported adverse food reactions in Chinese children 
From the case-control questionnaire, the results revealed that the most common 
reported food allergen in Hong Kong primary schoolchildren was shrimp (5 .67%), 
followed by mango (2.32%), milk (2.26%) and egg (1.65%). 
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Figure 7.2: The most common food allergens reported by parents within two hours 
after ingestion. 
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7.3 Food allergen sensitization in Chinese children 
Figure 7.3 showed the pattern of food allergen sensitization from SPT in Chinese 
children. Positive sensitization was defined as wheal size 2:: 3mm. Shrimp (2 .13%) 
was most commonly sensitized, followed by crab (0 .730/0) and peanut (0 .36%). 
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Figure 7.3: Pattern of food allergen sensitization from SPT in Chinese children. 
On the other hand, pattern of food allergen sensitization from serum specific IgE 
levels was showed in Figure 7.4. Positive sensitization was defined as serum specific 
IgE level ~O . 35kU/1. 
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Figure 7.4: Pattern of food allergen sensitization from serum specific IgE levels in 
Chinese children. 
The reported symptoms from parents were then verified by objective 
measurements including SPT and serum specific IgE levels, Figure 7.5 to Figure 7.14 
showed the size of SPT and the corresponding serum specific IgE levels of the 
subjects reported to have experienced different food adverse reactions. 
The serum specific IgE levels were categorized into different classes; the cut-off 
levels for each category were listed in Table 7.3. 
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3 3.5:Sx < 17.5 
4 17.5 :s x < 50 
5 50 :s x < 100 
6 x ~ 100 
Table 7.3: Different categories for serum specific IgE level~. 
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Figure 7.5: Size of SPT of subjects reported to experienced adverse reaction within 
two hours after eating shrimp_ (n=45) . 
Among these subjects, the distribution of serum specific IgE levels was showed 
in Figure 7_6. Results for the other common reported allergens including crab, egg, 
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Figure 7.6: Variation of serum specific IgE level for subjects reported to have 
experienced adverse reactions within two hours after eating shrimp with different SPT 
size. (n=45, *p value < 0.05 = statistically significant) 
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Figure 7.7: Size of SPT of subjects reported to experienced adverse reaction within 
two hours after eating crab. (n=19). 
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Figure 7.8: Variation of serum specific 19E level for subjects reported to have 
experienced adverse reactions within two hours after eating crab with different SPT 
size. (n=19, *p value < 0.001 = statistically significant) . 
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Figure 7.9: Size of SPT of subjects reported to experienced adverse reaction within 
two hours after eating egg. (n=lS). 
! .. . ---.--. ~...  -.--~ .. --.'"--. -.-.. -. --.. --.-... .. ·.,.-,----.--.--.----.-. --.--... ----..... --.. -.--.. -.--.. -.. --,---.-.-.. ----.. --.. -..... -... -.--.---... .... -~ .. --.--...  ~-.---.. --.. -- .--.. --,-.--.-... --... ---... ----·-··~I 











"jtb Different SPT Size on Egg 1 
.- '3'.3 33 ... -- 33'3333.:n ... 









~ ~l 3 
6 
Figure 7.10: Variation of serum specific IgE level for subjects reported to have 
experienced adverse reactions within two hours after eating egg with different SPT 
size. (n=lS) . 
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Figure 7.11: Size of SPT of subj ects reported to experienced adverse reaction within 
two hours after eating fish. (n=lS). 
Figure 7.12: Variation of serum specific IgE level for subj ects reported to have 
experienced adverse reactions within two hours after eating fish with different SPT 
size. (n=lS). 
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Figure 7.13: Size of SPT of subjects reported to experienced adverse reaction within 
two hours after eating peanut. (n=lO). 
r-.. --.... ·---.. ·· ... ··· ........ · ... ·_· .... --_· ......... ·· ....... __ ··· .... ·_-.............. -... -.............. _-................  -_ ......... -.. -._.-................. -- ..... --......... -........ _ ............... _ .. -.. -...... -_ .......  _ ........ __ ...  __ ... ,.. ....... _ .. _ ..  -.... _ ... __ ...... __ ..... -.. __ ...... ! 
i . 










'!~l.ri~ltio]l of serWll S)lecific IgE Le,:el for Pe~l]lut 
"it]} I)ifferellt SPT Size Cll} Pe~lllllt 
100 
p value = 0.064 









t_._ .. . ___ .... _ ... _____ ... _ .. _._._._ .... ~_._ . _._. ____ . __ ~ ___ .. _._ .. _._. __ .... _ .... ___ ._. ____ .. ____ ... _____ . __ ...... - ~ ___ - _~ _ ... _____ - _____ ---- --- -- __ A ____ .___ - ___ - - ___ - .0---- .. 0-- ._- -._._- --
Figure 7.14: Variation of serum specific 19E level for subjects reported to have 
experienced adverse reactions within two hours after eating peanut with different SPT 
size. (n=lO). 
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7.4 Association between food sensitization and allergic 
symptoms 
In our study, "current wheeze" was defined as positive if the patient answered 
"yes" to the question asking "Did this child give off wheeze from the chest anytime in 
the past 12 months?", "current eczema" was defined as positive if the patient answered 
"yes" to the question asking "Did this child have this itchy rash anytime in the past 12 
months?", whereas "current rhinoconjunctivitis" was defined as positive if the patient 
answered "yes" to the question of "In the past 12 months when hel she didn't catch a 
cold or flu has this child sneezed, got runny nose or nasal congestion?". 
Table 7.4 to Table 7.6 showed associations between "probable food allergy" and 
different allergic symptoms including current wheeze, current eczema and current 
rhinoconjunctivitis, which were adjusted for gender, age and maternal education. 
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"Probable Current wheeze Total, 95% Confidence food P OR Interval 
n=398 (%) value 
allergy" Yes No Lower Upper 
Yes (%) 10 (29.4) 24 (70.6) 34 (8.5) 
0.403 1.406 0.632 3.125 No (%) 77 (21.0) 287 (78.8) 364 (91.5) 
Table 7.4: Association between current wheeze and "probable food allergy". 
"Probable Current eczema Total, P 95% Confidence food OR Interval 
allergy" Yes No n=398(%) value Lower I Upper 
Yes (%) 26 (76.5) 8 (23.5) 34 (8.5) 
No (%) 202 162 (44.5) 364 (91.5) 0.049* 2.301 1.001 5.296 (55.5) 
Table 7.5: Association between current eczema and "probable food allergy". 
"Probable Current Total, P 95% Confidence food rhinoconjunctivitis OR Interval 
n=398 (%) value 
allergy" Yes No Lower Upper 
Yes (%) 32 (94.1) 2 (5.9) 34 (8.5) 
No (%) 284 80 (22.0) 364 (91.5) 0.056 4.136 0.963 17.760 (78.0) 
Table 7.6: Association between current rhinoconjunctivitis and "probable food 
. allergy". 
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Table 7.7 to Table 7.10 showed associations between "probable food allergy" and 
different lifestyles of the subjects, including the smoking status of the mothers during 
their pregnancies, breast feeding during infancy, availability of siblings, as well as 
viral infection during infancy, where gender, age and maternal education were 
adjusted. 
"Probable Mother smoke Total, 95% Confidence 
food during pregnancy n=398 P value OR Interval 
allergy" Yes No (%) lower Upper 
Yes (%) 1 (2.9) 33 (97.1) 34 (8.5) 
No (%) 12 (3.3) 352 (96.7) 364 0.967 0.956 0.117 7.787 (91.5) 
Table 7.7: Association between smoking mother during pregnancy and "probable food 
allergy". 
"Probable Breast-fed child Total, 95% Confidence 
food n=398 P value OR Interval 
allergy" Yes No (%) lower Upper 
Yes (%) 19 (55.9) 15 (44.1) 34 (8.5) 
221 143 364 0.299 1.474 0.709 3.066 No (%) (60.7) (39.3) (91.5) 
Table 7.8: Association between breast feeding during infancy and "probable food 
allergy". 
"Probable With at least one Total, 95% Confidence 
food sibling n=398 P value OR Interval 
allergy" Yes No (%) lower Upper 
Yes (%) 24 (70.6) 10 (29.4) 34 (8.5) 
253 111 364 0.967 0.983 0.450 2.151 No (%) (69.5) (30.5) (91.5) 
Table 7.9: Association between availability of siblings and "probable food allergy". 
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"Probable Viral infection Total, 95% Confidence 
food during infancy n=398 P value OR Interval 
allergy" Yes No (%) Lower Upper 
Yes (%) 8 (23.5) 26 (76.5) 34 (8.5) 
No (%) 60 304 364 0.538 0.761 0.319 1.814 (16.5) (83.5) (91.5) 
Table 7.10: Association between viral infection during infancy and "probable food 
allergy". 
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7.5 Prevalence of food allergy in Chinese schoolchildren 
We define "Probable food allergy" as subjects who are having: 1) reported 
adverse food reactions within two hours after ingestion of certain food and, 2) 
evidence of sensitization as revealed by positive SPT result (> or = 3 mm) of the 
reported food, and/or the presence of measurable specific IgE against the reported food. 
We made the assumption that the cases and controls are truly representative of 
respective groups in the total screened population. A total of 734 subjects from the 
screening stage are considered as cases according to their responses while 5460 of 
them are considered as controls. In the case-control phase, 16.58% of the recruited 
cases are confirmed to have probable food allergy while only 0.98% of the controls 
were found to have probable food allergy. Therefore, the calculated prevalence of 
probable food allergy among the recruited children in Hong Kong was 2.8% ((16.58% 
x 734+0.98% x 5460) / 6190 x 100% = 2.8%) with 95% Cl: 2.4% - 3.2%. 
Shrimp was the most common food allergen, where 1.52% of our selected 
subjects were allergic to shrimp. Other common foods reported were showed in Figure 
7.15. The common symptoms reported by different groups of subjects were showed in 
Figure 7.16. Most subjects with probable food allergies reported to have itchy skin, 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Section Ill: Original Study 
I Ch(lpter 8: Dis~ussion ... . 
11 
The prevalence of IgE mediated food allergy appears to be on the rise over the 
past decade in many developed countries (Zuberbier T et al 2004; Osterballe M et al 
2005; Grundy J et al 2002). However, the precise reasons for the rise and the exact 
underlying pathophysiology of food allergy are still not very clear. Avoidance of the 
offending foods is the only preventive treatment for this possibly fatal condition. Clear 
understanding of how food allergies develop and effective preventive strategies are 
important. 
Questionnaires, SPT, measurement of serum specific IgE levels and DBPCFC 
are common methods for studying adverse food reactions, food allergies and 
assessment of sensitization status of the patients. Over the decades, various research 
studies regarding the prevalence and risk factors for food allergies were established 
using the mentioned methodology. However, as the methodologies applied in different 
studies were not standardized, the comparison of data from various countries was 
extremely difficult (Hill DJ et al 1997). 
In order to evaluate the true prevalence and risk factors for food allergy in 
different countries, studies were carried out according to the EuroPrevall protocol, at 
which identical standardized and validated methodology was applied (Millis ENC et al 
96 
2007; Vieths S et al 2008; de Blok BM] et al 2007). In this study with a number of 
community samples of primary schoolchildren, the standardized and validated 
methodology from EuroPrevall was employed. The same standardized method was 
used in the current study such that our data can be meaningfully compared with the 
European data. The results revealed that the most commonly reported food leading to 
adverse food reactions was shrimp. The pattern of sensitization from SPT results also 
showed shrimp was the most commonly sensitized allergen. From the measurement of 
serum specific IgE levels, most subjects were sensitized to milk, followed by egg and 
shrimp. These results are similar to the sensitization patterns from other Asian 
countries where egg, milk, and seafood were commonly sensitized (Hill DJ et al 1997; 
Chiang WC et al 2007). The prevalence of probable food allergy in Hong Kong is 
calculated to be 2.8%, where 1.52% of our 6194 subjects were allergic to shrimp. In 
line with the published data in younger children in Hong Kong (Leung TF et al 2009), 
itchy or rash on skin was the most frequently reported symptoms. Moreover, the 
results of the present study also showed there is an association between sensitization to 
at least one food allergen and symptoms of current eczema. 
This is the first study to investigate the prevalence and risk factors of food 
allergy in Chinese primary schoolchildren using same standardized methodology as 
that in European countries. In addition to questionnaire, objective testing fro 
sensitization was performed. Clinically, positive SPT with average wheal diameter ~ 
3mm is considered as positive result, while serum specific IgE levels ~ O.35kU/I is 
also considered as positive in sensitization to certain food allergen. Many research 
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studies in the past decade were aimed at studying the prevalence of food allergy and 
pattern of food sensitization in different populations. Various methodologies such as 
telephone questionnaires, SPT, measurement of serum specific IgE levels, and oral 
food challenges, were used in different studies (Steinke M et al 2007; Venter C et al 
2008; Zuberbier T et al 2004). However, comparison of data from these studies was 
difficult and solid evidence for development of food allergy has still not yet been 
established. Therefore, study of prevalence of food allergy in different countries 
including rural and urban areas using standardized methodology is important in 
investigation of different environmental factors leading to food allergy development 
and thus new strategies for prevention of food allergy can be established. 
In the current study, 3 of 401 selected subjects were excluded for analysis 
because of the absence of their serum samples. Two of them were 7 years old male and 
did not report to have any adverse food reactions ever. The other one was 8 years old 
male and reported to have experienced adverse reactions after intake of milk and 
wheat. However, no positive SPT result was showed. 
The potential sources of error and limitations in the current study included the 
inaccurate answers in the screening and detailed questionnaires. Some of the parents 
might forget the exact answer to certain question and gave an answer randomly. And 
the SPT result might be affected if skin lotion was applied before the test, and children 
with different reactions to the prick, such as those having dermographism, might also 
lead to variation in SPT result. 
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Various studies revealed the possible factors affecting the prevalence of food 
allergy. Family history of atopy was suggested to be a strong risk factor for atopic 
diseases development (Gustafsson PM et al 2000; Nickel R et al 1997). Eigenmann et 
al reported 20 - 40% children with atopic dermatitis were demonstrated to be 
sensitized to food allergens (Eigenmann P A et al 1998; Guillet G et al 1992). 
Besides, genetic studies also demonstrated the relationship between genetic 
variations and development of allergic diseases (Laitinen T et al 1998; Woo JG et al 
2003). Amoli et al reported the expression of STAT6 G allele was significantly 
increased in nut allergy patients than those without nut allergy (Amoli MM et al 2002). 
The characteristics of food allergens were also considered as one of the factors leading 
to adverse food reaction. It was suggested that the most popular food allergens derived 
from animals are categorized into the protein groups including tropomyosins, the 
calcium-binding EF hand proteins, the lipocalins, the glycosyl hydrolase family, and 
the Kazal type serine protease inhibitors (Cochrane S et al 2009). It was also revealed 
that the living on the farm is also influencing the development of food allergy. The 
protective effect of living in farming environment is observable during fetal period and 
early infancy, but not in children (Ege MJ et al 2006). 
In addition, breastfeeding during infancy and timing of first introduction of solid 
foods were reported to affect allergic diseases development (Muraro A et al 2004; 
Zutavem A et al 2006). However, evidence for specific factors determining the food 
allergy development in different populations is still controversial. In order to study the 
exact causes of food sensitization, birth cohort study is needed. Keli et al carried out a 
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multinational birth cohort study according the EuroPrevall protocol during 2005-2009. 
The allergic status of the recruited subjects was collected at certain time points over 
the years to investigate the prevalence and associated factors of food allergy 
development (Keli T et al 2009). Snijders et al also studied the effect of first 
introduction of different food products on atopic manifestations in infant during the 
first two years of life longitudinally. It was suggested that delayed introduction of cow 
milk as well as other food products doesn't help preventing the development of atopy, 
instead, this increased the risk of eczema in the N etherland children (Snij ders BEP et 
aI2008). 
These studies reported different patterns of food sensitization and factors 
associated with the development of food allergy in different countries. It is important 
to develop these longitudinal studies using standardized methodology among different 
countries so that data from countries with different lifestyles can be compared and 
potential protective or risk factors for food allergy development can be established. 
Table 8.1 showed the preliminary data collected from rural Beijing using the 
same methodologies as that in Hong Kong. The prevalence of "probable food allergy" 
in rural Beijing was about 13 times less than that in Hong Kong. However, the reason 






OR responded reported Case/Control food p value City to Case/Control for clinical allergy" 
screenlng (010) 
study Qn 
2.8% with 95% C.I 734 cases 195 cases 95% CI: (11.85) Hong 6194 2.4%- Upper 5460 controls Lower Kong 206 controls 3.2% <0.001 * (88.15) 
0.22吵b388 cases (8.21) 151 cases 
with 95% Rural 4724 4336 controls 201 controls CI: 0.1%-Beijing (91.79) 0.4% 
Table 8.1: Comparison of preliminary data 企om rural Beijing and data 企om Hong 
Kong. (*p value < 0.05 = statistically significant) 
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7.15 25.65 
Section 111: Original Stu砂
Chapter 9: Conc/usion and Further Studies 
In order to get a precise picture of the prevalence and potential risk factors, 
standardized methodologies should be used for the diagnosis of IgE mediated food 
allergy. Subjective measurement using questionnaire to collect the allergic status 
reported by the patients, and objective measurements such as SPT, serum specific IgE 
level and DBPCFC were used in research studies in the past decade. However, as the 
methods used in different studies were not standardized, comparison of data 企om
various countries was extremely difficult. Therefore, the exact reason for the rising 
prevalence of food allergy in developed countries is still controversia1. 
We have recruited a large number of schoolchildren for studying the prevalence 
of IgE mediated food allergy in Chinese primary schoolchildren using standardized 
methodology according to the EuroPrevall project. We have showed that the 
prevalence of probable IgE mediated food allergy in Hong Kong primary 
schoolchildren is 2.8%, with shrimp being the most common1y reported food allergen 
among these chi1dren. As reported in the 1 iterature , there were association between 
food allergy and other allergic symptoms such as asthma and eczema (James JM 2003; 
Eigenmann P A et al 2009). The result of our study revealed there may be association 
between food allergy and current eczema. For those with probable food allergy, the 
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odds ratio of having current eczema was 2.3 times higher than those without current 
eczema. We also demonstrated borderline association between probable food allergy 
and current rhinoconjunctivitis. However, in the current study, no association could be 
found between different lifestyle of the subjects and their food allergy status. Our data 
can be compared with data from other EuroPrevall partners to investigate the potential 
risk factors for food allergy development. 
The exact pathophysiology of food allergy is still not clear. Many factors such as 
genetic factors, the characteristics of food allergens, and the route and timing of food 
allergen exposure etc, were suggested to be related to the development of food allergy 
(Cochrane S et aI2009). 
In order to have a deeper insight of the pathophysiology and natural history of 
food allergy, longitudinal studies are necessary (Keli T et al 2009). Children can be 
recruited when they were born, with follow up study, the development of food allergy 
can be monitored so that the factors leading to the development can be investigated. 
Moreover, follow up can be continued until the subjects become adults so as to 
investigate the natural history of food allergies. 
Some studies suggested the prevalence rates of food allergy in rural or 
developing countries were relatively lower (Chiang WC et a12007; Kim 1S et al 2008). 
Only Hong Kong primary schoolchildren were included in this study, while rural and 
urban Chinese children have also been recruited in urban and rural areas of mainland 
China using the same methodology. The potential protective or risk factors in these 
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environments related to the development of food allergies can be evaluated by 
comparing the data from different centers. Two centers from Southern China have also 
collected serum samples for the measurement of serum specific IgE. Direct 
comparison of our results with those in children from Southern China will be possible. 
As the underlying genetic background of the children from Hong Kong are similar to 
those children from Southern China, the different prevalence and pattern of food 
allergies are almost certainly related to environmental factors. These environmental 
factors may be potentially modifiable such that primary preventive strategies can be 
developed if these environmental factors are found. Detailed analyses of the combined 
dataset between Hong Kong and mainland China will be crucial in the understanding 
of the possible risk factors of food allergies in Chinese children. Furthermore, 
DBPCFC testing will be needed to confirm the presence of true food allergy in the 
subjects. Such testing will enable researchers to determine the specific cut-off values 
of either SPT or serum specific IgE for predicting the results of DBPCFC test. 
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Appendix 1 Screening questionnaire (Chinese 
Version) 
Appendix 2 Screening questionnaire (English 
Version) 
Appendix 3 Case-control questionnaire (Chinese 
Version) 



















如答案為“否" ，請跳往問題( 6 ) ，如答案為“是"請繼
續:
2. 你的孩子進食這種或這類食物後引起疾病或問題 只選一格
有多常見? 只有 1 次
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7. 孩子叫 E 川 I I I I I 期:
日 月 年





The Chinese University of Hong Kong 
Faculty of Medicine 
Department of Paediatrics 
Childhood Food Allergy Questionnaire 
1. Has your child ever got illness( es) or problem( s) after eating 
certain or certain kind of food? 
If "No", please go to Question (6). If "Yes", please continue: 
Yes No 
, ,--I ----' 
2. How often did your child get illness(es) or problem(s) after eating this or this kind 
of food? 
Choose one only 
Once only § 
Two to four times 
More than four times 
3. This/These illness( es) and problem( s) include( s) : (Please choose any suitable from 
the following) 
3.1 Itchy, numbness or puffiness of mouth, lips or throat? 
3.2 Itchy, rash on the skin? 
3.3 Diarrhea or vomiting (excluding food poisoning)? 
3.4 Runny nose or nasal congestion? 
3.5 Redness, biting of eyes or watery eyes? 
3.6 Difficulty in swallowing? 
3.7 Difficulty in breathing? 
3.8 Joints stiffness? 
3 .9 Faint or dizziness? 
3. 10 Headache? 
4. Did your child have other symptom(s)? 




5. Which (kind of) food causes your child to have this/these illriess(es) or symptom(s)? 
(May list at most three kinds) 
5.1 Food __________________________________ _ 
5.2 Food 
-----------------------------------





Have you ever been informed by a doctor that your child has food 
allergy? DD 
Day Month Year 
7. Child's date of 
birth '--------11"-----111 I 11 '----,-----,--I ~ 
Day Month Year 
8. Today's date I I I I I I I 
Male Female 
9. Your child is I I I 
Thank you very much for completion of thi~ questionnaire. 
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4.1 1 這孩子進食食物後多久出現首分鐘: I I I IJ\時: I I I 日數: I I 
次症狀? I I I I I I I I 







































































11.2. 在他/她沒有傷風或戚冒的時候這孩子曾否有打噴喔，流鼻水或鼻塞 I I I I 






















































































































25.1 每天香煙數量 |I I 
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50.2.1 每天香煙數量 |I I 







50.4.1 每天香煙數量 |I I 









































































64.2.1 每天香煙數量 |I I 
64.2.2 其他煙草(克/週) |I I 
跳答問題64.5
64.3 當父親開始吸煙(再次)時這孩子有多大?
64.4. 當父親開始吸煙(再次)時似乎為梭于 F 父親吸多少煙?
64.4.1 每天香煙數量 |I I 
























Child Case-Control Questionnaire 
N°_I I I I I I 
Year 
Day Month 
Today's date m m IT 
Year 
Day Month 
1. Date of birth of this child? mmIT 
Male Female 
2. Sex of this child? DC 
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Food Allergy 
3. Has this child ever got illness(es) or problem(s) after eating the following food? Please illustrate 
whether the child had avoided eating as eating made him/her got sick, and approximately how 
frequent this child eats the following food. 
Food Has this child ever got Did this child How frequent does this child eat this food? 
illness( es) or avoid eating (During the supply season) 
problem(s) after this food as 
eating the following eating made 
food? him/her got 
Please choose the suitable 
one as far as possible. 
sick? Choose one only 
No Yes No Yes Almost Almost Almost Less Never 
every every every than 
day week month every 
month 



















Food Has this child ever got Did this child How frequent does this child eat this food? 
illness( es) or avoid eating (During the supply season) 
problem(s) after this food as 
eating the following eating made 
food? himlher got 
Please choose the suitable 
one as far as possible. 
sick? Choose one only 
No Yes No Yes Almost Almost Almost Less 
every every every than 







3.21 Soy beans 
3.22 Chick pea 
3.23 Haricot 











* Other milk products including butter, cheese, yoghurt,jresh cream,jresh cheese, etc. 
** Including wheat products like bread and breakfast cereal. 
No Yes 
4. Does this child have prohlem(s) eating other food? D D 
If "Yes", please list the food: 
Code 
4.1 Food I I 
Code 




4.3 Food I I 
If the answers for question (3) and question (4) are all "No", please go to question 
(5) to continue. 
If "Yes": 
4.4 Which of the food mentioned above brings this child maximal problem? 
4.5 How old was this child when the problem first occurred after eating this food? 
4.6 How old was this child when the last problem occurred after eating this food? 
4.7 How often did this child get illness(es) or problem(s) after eating this food? 
Once only 
Two to four times 
More than four times 
Choose one only 
No 
4.8 Did this child avoid eating this food after the occurrence of illness( es) D 
or problem( s)? . 




4.9.1 ; ·., Itchy, numbness or puffiness of mouth, lips or throat? 
4.9.2 Itchy, rash on the skin? 
4.9.3 Diarrhoea or vomiting (excluding food poisoning)? 
4.9.4 Runny nose or nasal congestion? 
4.9.5 Redness, biting of eyes or watery eyes? 
4.9.6 Difficulty in swallowing? 
4.9.7 Difficulty in breathing? 
4.9.8 Joints stiffness? 










4.10 Did this child have other symptom(s) after eating this food? D D 
4.11 How soon did the first symptom 
occur after this child had eaten this 
food? 
4.12 How long did the symptom last? 
Minute(s): CD Hour(s): DJ Day(s): [ 
Minute(s): IT] Hour(s): m Day(s): L 
4.13 Has the child received any therapy? 
















No Yes Don't know 
6. Did this child use Vitamin D for supplement during the first two years D D D 
after birth? 
7. Does this child drink milk? 
Yes, mostly whole-fat milk 
Yes, mostly half-fat milk 
Yes, mostly low-fat milk 
No 
8. Does this child eat butter or margarine? 
Yes, mostly butter 
Yes, mostly margarine 
No 
Choose one only 
ChOOS§r only 
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Asthma and Allergy 
9. Did this child give off wheeze from the chest anytime in the past 12 months? 
If "No ", please go to question 10. 
If "Yes": 
9.1 Did this child nearly have difficulty in breathing when the wheeze had arisen? 
9.2. Did this child have wheeze when he/she had not caught a cold? 
10. Has this child ever suffered from asthma in the past? 
If "No", please go to question 11. 
If "Yes": 
10.1 How old was he/she when asthma had first attacked? 
10.2 Did this child have asthma attacked in the past 12 months? 
If "No", please go to question 11. 
If "Yes": 
10.3 How many time(s) did this child wake up from sleeping because ofhislher 
asthma in the past 12 months? 
Every night or almost every night 
More than once a week, but not almost every night 
At least twice a month, but not more than once a week 
Less than twice a month 
Never 
11. Does this child have allergic rhinitis, including hay fever? 



















11.1 How old was this child when hel she first got hay fever or allergic rhinitis? I 
No Yes 
11.2. Has this child sneezed, got runny nose or nasal congestion when hel she didn't catch aD [ 
cold or flu? 
If "No", please go to question 11.4. If "Yes": 
11.3. In the past 12 months when hel she didn't catch a cold or flu 
Has this child sneezed, got runny nose or nasal congestion? 





11.4 Did this nasal problem associated with itchy eyes or watery eyes? 0 D 
No Yes 
12. Has this child ever had itchy rash for at least 6 months without dispersing? 0 0 
If "No", please go to 12.2. 
If "Yes": 
12.1 How old was this child when helshe first had this itchy rash? 
Age 
I I 
12.2 Did this child have some itchy rash affecting the following partes) any time in the past: 
12.2.1 Interior of the elbow 
12.2.2 Behind the knee 
12.2.3 In front of the ankle 
12.2.4 Around the neck 
12.2.5 Around the ear 
12.2.6 Around the eyes 
If anyone of the above is "Yes": 
12.3 Did this child have this itchy rash anytime in the past 12 months? 







14. When this child approaches animals, such as cats, dogs or horses, has hel she ever 
14.1 started coughing? 
14.2 started wheezing? 
14.3 had tight feeling at the chest? 
14.4 started feeling shortness of breath? 
14.5 had runny nose or nasal congestion or started sneezing? 
14.6 had itchy eyes or watery eyes? 
15. When this child approaches trees, grasses or flowers, or when there is a lot of 
pollen nearby, has hel she ever 
15.1 started coughing? 
15.2 started wheezing? 
15.3 had tight feeling at the chest? 
15.4 started feeling shortness of breath? 
15.5 had runny nose or nasal congestion or started sneezing? 
15.6 had itchy eyes or watery eyes? 
No Yes 
No Yes 
No Yes Don't know 
16. Has this child ever received immunotherapy for allergy? 
If "No" or "Don't know", please go to question 17. 
If "Yes": 
16.1 Which allergen(s) did hel she conduct desensitization? 
16.1.1 Pollen 
16.1.2 Dust mite 
16.1.3 Latex 
16.1.4 Others 
16.1 .5 I don't know 
17. Within the latest six months: 






17.2 When this child had no "viral gastroenteritis" or food poisoning, 
Did he/ she complain of vomiting feeling or nausea? 
17.3 Did this child complain of a burn-like or a pain feeling at the middle of the chest? 







17.5. Within the latest six months, did this child take drugs because of Gastroesophageal reflux 
disease? 




The pregnancy and birth of this child 
18. How old was the mother when she gave birth to this child? 
19. How many weeks after pregnancy did this child was born? 
20. What was the body length of this child when he/she was born? 
21. What was the weight of this child when he/she was born? 
22. How many time(s) did this child move in the first two years after birth? 
None 
Once 

















23. In which city was this child born? _____________ _ 
If not this city: 
23.1 How old was this child when he/she left hislher born city? 
24. Did the mother take alcoholic drinks during gestation of this child? 
If "Yes", on the average, how often did the mother take alcoholic drinks during 
gestation of this child? 
Once in several months 
One to two times a month 
One to two times a week 
Three to four days a week 
Almost every day 
25. Did the mother smoke during gestation of this child? 
If "Yes", on the average during gestation of this child, how many did the mother 
smoke? 
25.1 Number of cigarette every day 
25.2 Other tobacco (g/week) 
Infant feeding 
26. Has this child ever been breast-fed? 
Latex put in bottle is also breast-fed 
If "No", please go to question 27 .. 
I I I 
Code 












26.1 How old was this child when Day(s): DJ Week(s): 
breast-fed was completely 
ceased? 
[[J Month(s): DJ 
No Yes 
27. Has this child ever used infant formula? DD 
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If "No", please go to question 28. 
If "Yes": 
27.1 How old was this child when 
he/she used infant formula? 
Day(s): DJ Week(s): CD Month(s): rn 
27.2 How old was this child when Day(s): DJ Week(s): CD Month(s): rn 
use of infant formula was ceased? 
27.3 Which of the following listed infant formula was used by this child? 
27.3.1 General milk formula 
27.3.2 General soy milk powder 
27.3.3 Hypoallergenic (transformed) milk powder 
27.3.4 Others (Please 
indicate) ............................................................................. . 
28. From what age were liquids besides milk and water used as supplement? 
29. From what age was solid food started? 
Other items related to health and illness 
30. Did this child have serious respiratory infection before two years old? 
Please choose 
Week(s) 
I I I 
Week(s) 




31. Did this child be in hospital because of pulmonary disease(s) before two years old? D D 
No Yes 
32. Had this child been given antibiotics before two years old? DD 
You and your household 
Number 
33. How many sibling(s) does/did this child have? I I I 
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If "No", please go to question 34. 
If "Yes": 
33.1 How many elder brother(s) and sister(s)? 
33.2 How many younger brother(s) and sister(s)? 
33.3 How many sibling(s) haslhave asthma? 
33.4 How many sibling(s) without asthma haslhave other allergies such as eczema 
or skin allergy, allergic rhinitis or hay fever? 
Number 
34. How many other children often sleep in the bedroom of this child before he/she was two 
years old? Children 
D 
No Yes 
35. Did this child often share hislher bedroom with older children before two years old? D D 
No Yes 
36. Did this child go to school, nursery school or baby farm with other older children D 
before two years old? U 
If "No", please go to question 37. 
If "Yes": Month(s) 
36.1 How old was this child when entered school, nursery school, day-care or baby farm? I I 
37. Which one is the most suitable to describe the living place that this child lived 






Combination of Countryside and townlcity* 
*Such as often gather with family at countryside during wfekend 
i 
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Choose one only 
38. Did someone rear the following pet(s) at your home during the first two years after 






38.5 Guinea pig or other hairy animals 
38.6 Others 
----------------------------------------------











40. How often does this child appear in the kitchen when one is preparing food? 





Choose one only 
Code 
41. In which city was the mother born? ___________________________ 1------'-_ ....... 1----'1 
No Yes Don't 
know 
42. Has the mother ever had food allergy? DD D 
No Yes Don't know 
43. Has the mother ever had asthma? D DD 
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44. Has the mother ever had eczema or skin allergy? 
45. Has the mother ever had allergic rhinitis or hay fever? 
46. Which educationallevel(s) has the mother finished? 
46.1 Has she finished primary education? 
46.2Has she finished secondary education? 
46.3 Has she been awarded diploma? 
46.4 Has she been awarded higher diploma? 
46.5 Has she been awarded University degree? 
47. Is the mother now hired (or self-hired) ? 
If "No" or "Don't know", please go to question 48. 
If "Yes": 
No Yes Don't know 
DDD 





47.1 What is the job or latest job of the mother? [Please detailed as far as possible J 
Code 
I I I 
No Yes Don't know 
48. Has the mother ever engaged in work related to cultivation, manufacturing, D D D 
processing or distribution of food? 
If "No" or "Don't know", please go to question 49. 
If "Yes": 
48.1 What is this job? [ Please detailed as far as possible J 
49. Has the mother ever engaged in work that must wear emulsion glove? 
If "No", please go to question 50. 
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Code Don't know 
11110 
No Yes Don't know 
DDD 
If "Yes": 
No Yes Don't know 
49.1. Is powdered emulsion glove always used? DDD 
50. Does the mother smoke after the birth of this child? 
"Yes" means that at least one cigarette each day or one cigar or 360g tobacco each week. 
If "No", please go to question 51. 
If "Yes": 
50.1 Has the mother continued smoking after this child was born? 
If "No", please go to question 50.3. 
If "Yes": 
50.2. How many cigarette did the mother smoke on the average after this child was 
born? 
50.2.1 Amount of cigarette 
50.2.2 Other tobacco (g/week) 
Go to question 50.5. 
I I I 
Age 
50.3 How old was this child when the mother started smoking (again)? I 
50.4. How many did the mother smoke on the average when she started smoking 
(again)? 
50.4.1 Amount of cigarette 
50.4.2 Other tobacco (g/week) 
50.5 How many does the mother smoke on the average now? 
50.5.1 Amount of cigarette 
50.5.2 Other tobacco (glweek) 
50.5.3 Stopped smoking 
If the mother stopped smoking: 
50.6 How old was this child when the mother stopped smoking? 







51. How many people often smoked at your home in the first two years after this child DJ 
was born? 
~'Often" means most of the time. 
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Hour(s) 
52. How many hour(s) each day did this child expose under smog in the first two years IT] 
after birth? 
53. How many people often smoke at your home now? 
"Often" means most of the time. 







55. In which city was the father born? _____________ _ I I 
56. Has the father ever had food allergy? 
57. Has the father ever had asthma? 
58. Has the father ever had eczema or skin allergy? 
59. Has the father ever had allergic rhinitis or hay fever? 
60. Which educationallevel(s) has the father finished? 
60.1 Has he finished primary education? 
60.2Has he finished secondary education? 
60.3 Has he been awarded diploma? 
60.4 Has he been awarded higher diploma? 
60.5 Has he been awarded University degree? 
61. Is the father now hired (or self-hired) ? 
If "No" or "Don't know", please go to question 62. 
If "Yes": 
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No Yes Don't know 
DDD 
No Yes Don't know ODD 
No Yes Don't know 
DDD 





61.1 What is the job or latest job of the father? [ Please detailed as far as possible J 
Code 
I I I 
No Yes Don't know 
62. Has the fat.her ever engaged in work related to cultivation, manufacturing, D D D 
processing or distribution of food? 
If "No" or "Don't know", please go to question 63. 
If "Yes": 
62.1 What is this job? [ Please detailed as far as possible J 
Code Don't know 
1110 
No Yes Don't know 
63. Has the father ever engaged in work that must wear emulsion glove? DD 0 
If "No", please go to question 64. 
If "Yes": 
No Yes Don't know 
63.1. Is powdered emulsion glove always used? DD 0 
64. Does the father smoke after the birth of this child? 
"Yes" means that at least one cigarette each day or one cigar or 360g tobacco each week. 
If "No", please go to question 65. 
If "Yes": 
64.1 Has the father continued smoking after this child was born? 
If "No", please go to question 64.3. 
If "Yes": 
64.2. How many cigarette did the father smoke on the average after this child was 
born? 
64.2.1 Amount of cigarette 
64.2.2 Other tobacco (g/week) 
Go to question 64.5. 







64.3 How old was this child when the father started smoking (again)? I 
64.4. How many did the father smoke on the average when she started smoking 
(again)? 
64.4.1 Amount of cigarette 
64.4.2 Other tobacco (g/week) 
64.5 How many does the father smoke on the average now? 
64.5.1 Amount of cigarette 
64.5.2 Other tobacco (g/week) 
64.5.3 Stopped smoking 
If the father stopped smoking: 
64.6 How old was this child when the father stopped smoking? 
I I I 
-
65. Are you willing to be contacted again for further studies on food allergy? 
Thank you very much for completion of this questionnaire. 
This questionnaire was distributed to: 
Mother 
Father 
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